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(54) Method for forming concurrent top oxides using reoxidized silicon 



(57) A stack of oxide (16) and silicon nitride (18) is 
grown/deposited over a patterned polystlicon line, which 
typically acts as a bottom capacitor plate. A thin layer of 
amorphous or polycrystalline silicon (20) is deposited 
over the blanket silicon nitride film. The thickness of the 
deposited silicon layer must be optimized according to 
the final amount of oxide desired over the silicon nitride, 
which will be roughly twice the thickness of the deposited 
silicon film. The oxide/nitride/silicon stack is then pat- 



terned and etched, stopping either at or underneath the 
bottom oxide. Any subsequent cleaning in potentially 
oxide-etching chemistries (including HF) is done with the 
protective silicon deposit on top of the silicon nitride. The 
entire structure is then thermally oxidized, transforming 
the deposited silicon into silicon oxide (30). \A/here the 
structure has been cleared down to the substrate by 
etching, a second gate oxide is simultaneously formed. 
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Description 

Field of the Invention 

The present invention relates generally to a semi- 
conductor device and more specifically to a method for 
contemporaneously forming an ONO stack and a second 
gate oxide by reoxidizing silicon. 

Background of the Invention 

A stack of oxide/nitride/oxide (ONO) is used as an 
interpolysilicon dielectric in a semiconductordevice. The 
current method o1 forming the ONO stack involves first 
growing a thermal oxide over polysilicon. Then a nitride 
is deposited overlying the thermal oxide. After the nitride 
is deposited, either the top surface of the nitride is oxi- 
dized, or an oxide is deposited overlying the nitride. How- 
ever, because devices are being scaled down due to the 
trend in miniaturization, the nitride layer is becoming thin- 
ner which poses the problem of nitride punch-through 
after successive oxidations. Furthermore, the thickness 
of the top oxide is limited when a nitride oxidation proc- 
ess is used due to the inherently slow oxidation kinetics 
of the nitride. Additionally, since the oxidation rate of 
nitride is slow and the oxidation tennperature required is 
high, the thermal budget of the device limits the amount 
of oxidation that the nitride can undergo. If a thick top 
oxide is required, the current method uses a chemical 
vapor deposition (CVD) process to deposit the top oxide. 
However, the deposited CVD oxide is less dense than 
what is required, so an annealing step must be per- 
formed to density the top oxide. This additional densifi- 
cation step must be performed at a high temperature, 
and again the thermal budget of the device constrains 
the amount of annealing that can be done. 

The top oxide layer is important for the electrical per- 
formance of the device. However, this top oxide is 
xposed to a hydrofluoric acid solution (HF) during the 
second gate oxide formation which is detrimental to the 
device since the top oxide may be partially or completely 
removed during the etching steps. 

Accordingly, a need exists for a method to form a top 
oxide that minimizes the problem of nitride punch- 
through as well as the etching of the top oxide during HF 
exposure prior to second gate oxkie formation. 

Brief Description of the Drawings 

F!Gs. 1-6 illustrate, in cross-section, process steps 
for making concurrent top oxides in accordance with the 
invention. 

FIGs. 7-9 illustrate, in cross-section, process steps 
for making a confer mal top oxide layer i n accordance with 
the invention. 

FIGs. 10-13 illustrate, in cross-section, process 
steps for making an inflatable sidewall spacer in accord- 
ance with the invention. 



Tlie various figures illustrate many of the same or 
substantially similar elements. Therefore, same or sub- 
stantially similar elements are labded uang the same 
reference numerals in the figures accompanying the 
5 description. 

Detail«J Description of a Preferred Embodiment 

The present invention provides, in one emljodiment, 

10 a method for making an ONO stack and a second gate 
oxide contemporaneously. Layers of oxide and nitride 
are formed overlying a semiconductor substrate which 
has already undergone some processing, such as isola- 
tion, well formation, first gate oxide formation, and/or tun- 

15 nel oxide formation. A polysilicon floating gate overlying 
this semiconductor substrate is formed by d^ositing. 
patterning, and etching a polysilicon layer. Then, first and 
second dielectric layers are formed overlying the floating 
gate and the semiconductor substrate. Next a layer of 

20 amorphous silicon is formed overlying the dielectric lay- 
ers to create a stack. This stack is then defined and 
etched to form a patterned stack, wherein a portion of 
the underlying semiconductor substrate is exposed. A 
thermal oxidation process is performed to reoxidize the 

25 amorphous silicon layer to form the ONO stack, while 
concunerttly forming a second gate oxide on the 
exposed portion of the underlying semiconductor sub- 
strate. The second dielectric layer acts as an oxidation 
stop so that only the amorphous silicon layer in the stack 

30 is reoxidized during the thermal oxidation process. Once 
oxidation of the amorphous silicon layer is complete, the 
thickness of the second gate oxide can be independently 
adjusted, so that two different oxide thicknesses may be 
obtained through a single thermal oxidation step. 

35 Alternatively, the amorphous silicon layer may be 
deposited after the first and second dielectric layers are 
defined and etched. In this embodiment, a conformal 
layer of amorphous silicon is formed which is then reox- 
idized in the thermal oxidation step thus forming polyox- 

40 ide on the top and sidewalls of the patterned stack, as 
well as on the exposed substrate. The reoxidized amor- 
phous silicon may be removed from the top of the pat- 
terned stack leaving spacers on the sidewalls of the 
stack. The polysilicon skJewall spacer on the nitride liner 

45 can be oxidized to form an inflatable side spacer which 
can be removed without damaging the underlying sub- 
strate. 

These and other features, and advantages, will be 
more clearly understood from the following detailed 

50 description taken in conjunction with the accompanying 
drawings. It is important to point out that the illustrations 
may not necessarily be drawn to scale, and that there 
may be other embodiments of the present invention 
which are not specifically illustrated. 

55 FIGs. 1-6 illustrate, in cross-section, process steps 
for making concurrent top oxides and gate oxides in 
accordance with the invention. A semiconductor sub- 
strate 12 is provided, wherein this substrate is preferably 
silicon which may have gone through previous process- 



2 



< E P 06977 1 6A2_L> 



EP0 697 716 A2 



ing steps, such as isolation, well formation, first gate 
oxide 13 formation, and/or tunnel oxide formation. Other 
process steps not specifically mentioned may also have 
been performed on this substrate. A floating polysilicon 
gate 14 overlying a portion of the semiconductor sub- 
strate 1 2 is then formed by the patterning and etching of 
a low pressure chemical vapor deposition (LPCVD) poly- 
silicon layer. 

Once the polysilicon gate 14 is formed, then a first 
dielectric layer 1 6 is formed overlying the gate 14 as well 
as the exposed portion of the substrate 12 as illustrated 
in FIG. 2. The first dielectric layer 16 is typically an oxide, 
having a thickness substantially in a range of 50 to 200 
angstroms (A). It may be formed either by CVD or by oxi- 
dizing a portion of the polysilicon gate 14. 

FIG. 3 illustrates a next step in the process where a 
second dielectric layer 1 8 is formed overlying thef irstdie- 
lectric layer 1 6. This second layer 1 8 is typically a nitride, 
having a thickness substantially in a range of 60 to 200 
A. This layer may be formed by CVD or some other suit- 
able method, such as plasma enhanced nitride. It is 
important that this second dielectric layer 1 8 be of a min- 
imum thickness so that it can act as an effective oxidation 
stop for a subsequent process step to prevent punch- 
through. Moreover, this second dielectric layer 18 should 
preferably be different from the first dielectric layer 16 
and should be an oxidation resistant material. 

Once the second dielectric layer 18 is formed, then 
an amorphous silicon layer 20 may be deposited overly- 
ing the second dielectric layer 18. as illustrated in FIG. 
4. A stack of amorphous silicon, second dielectric, and 
first dielectric is formed. Although there is no limit to the 
thickness of this amorphous silicon layer 20, it should be 
formed with several considerations in mind. If there is a 
constraint on the net or total thickness of the desired 
stack, then depending on whatthe thicknesses of thefirst 
and second dielectric layers 16 and 18 are, the amor- 
phous silicon layer 20 should have a thickness equal to 
approximately one-half of the remaining difference. The 
reason tor this requirement will become apparent in the 
thermal oxidation step of FIG. 6. Of course, if there is no 
constraint on the top oxide thickness or if a thick top oxide 
is desired, such as for a chemical mechanical polishing 
process, the amorphous silicon layer may be formed to 
any suitable thickness. The amorphous silicon layer 20 
may be deposited with CVD technology using either dis- 
ilane (Si2H6) or silane (SiH4). The deposition tempera- 
ture may range from either 400 to 550 **C for disilane or 
from 500 to 560 °C for silane. Alternatively, it is also pos- 
sible to use a plasma-enhanced CVD to form the amor- 
phous silicon layer 20. 

FIG. 5 illustrates a subsequent step after the amor- 
phous silicon layer 20 is deposited. The entire stack of 
amorphous silicon, second dielectric, and first dielectric 
is defined and etched to form a patterned slack. Several 
etches may be required to pattern the various materials 
in the stack. For example, a first etch may be used to 
remove the amorphous silicon to leave a patterned 
amorphous silicon portion 26. Then a second etch may 



be used to remove the second and first dielectrics, leav- 
ing a patterned second dielectric portion 24, and a pat- 
terned first dielectric portion 22. In this embodiment, the 
floating polysilicon gate 1 4 has already been etched prior 

5 to the formation of the stack. However, it is also possible 
to etch the polysilicon gate 14 during this etching step 
atter the second and first dielectrics have been pat- 
terned. After the stack has been defined and etched, a 
portion 28 of the underlying semiconductor substrate 12 

70 is exposed. 

In FIG. 6, a thermal oxidation step is performed 
which reoxidizes the patterned amorphous silicon por- 
tion to form a silicon dioxide 30 and contemporaneously 
forms the second gate oxide 32 over the exposed portion 

15 28 of the semiconductor substrate 12. This thermal oxi- 
dation may be accomplished using either conventional 1 
atmosphere oxidation, rapid thermal oxidation, or high 
pressure oxidation equipment at a temperature approx- 
imately in the range of 700 to 1050 *'C. This temperature 

20 range may be varied according to the type of equipment 
used and the thickness of the amorphous silicon layer. 
The second dielectric portion 24 acts as an oxidation 
stop once the amorphous silicon portion is fully reoxi- 
dized. Therefore, it is inrportant that this second dielectric 

25 portion be sufficiently thick to prevent punch^through of 
the second dielectric. Alternatively, the thermal oxidation 
or the amorphous silicon should be performed at a tem- 
perature lower than the temperature required to oxidize 
the second dielectric material. Once the reoxidation is 

30 complete, the resulting top oxide layer 30 has grown to 
approximately twice the thickness of the original amor- 
phous silicon layer. Therefore, this phenomenon should 
be taken into account when determining the appropriate 
thickness lor the amorphous silicon layer deposition. An 

35 advantage to this method of forming the top oxide is that 
no densification or annealing step is required because 
the quality of this thermal oxide is tietter than that of a 
CVD oxide. A small amount of sidewall oxide may be 
formed during the oxidation process, but this amount is 

40 typically negligible. 

In addition to the completion of the formation of the 
dielectric stack, the second gate oxide 32 is formed dur- 
ing the same thermal oxidation step thus saving another 
step in the device fabrication process. This gate oxide 32 

45 is formed by oxidizing the exposed portion 28 of the sem- 
iconductor substrate 12. Because the second dielectric 
portion 24 acts as an oxidation stop for the reoxidation 
of the amorphous silicon, the thickness of the gate oxide 
32 nnay be formed independently of the silicon dioxide 
50 30 thickness. Once the amorphous silicon is fully reoxi- 
dized. the oxidation stops on that portion of the substrate 
while the second gate oxide may continue to be grown. 

FIGs. 7-9 illustrate, in cross-section, process steps 
for making a conformal top oxide layer in accordance with 
55 another embodiment of the invention. In this method, the 
first three steps are the same as that of FIGs. 1-3 of the 
previous embodiment. However, the stack of the second 
and first dielectric layers is defined and etched prior to 
the deposition of the amorphous silicon layer as shown 



3 



BNSDOCtD: <EP 069771 6A2_I_> 



5 



EP0S97 711S A2 



6' 



in FIG. 7. After the patterning of the stacK then a con- 
forn\al amorphous silicon layer 26' is deposited overlying 
the patterned stack and the e)qD0sed portion of the sub- 
strate 12 as illustrated in FIG. 8. The thermal oxidation 
step in FIG. 9 forms a conformal top oxide layer 30' over- 
lying the patterned stack and the remaining portion of 
the substrate. Additionally, the sidewall of the stack is 
covered with the oxide material whereas the previous 
embodiment does not provide significant sidewall cover- 
age. This sidewall coverage produces a fully oxide- 
encapsulated layer that can reduce lateral leakage cur- 
rents and Improve the performance of the device. Fur- 
thermore, the second gate dielectric is a stacked oxide 
that ensures misalignment of micro-defects in the vari- 
ous layers. 

A variation of the immediately preceding embodi- 
ment is also possible, although not specifically illus- 
trated, tiie main difference being that the polysilicon layer 
is etched along with the dielectric layers instead of being 
pre-defined. In this embodiment, a polysilicon layer over- 
lying a gate or tunnel oxide is first formed using CVD 
techniques. This is followed by a first dielectric layer, typ- 
ically an oxide in the range of 50 to 200 A. A second die- 
lectric layer is formed overlying the first dielectric layer 
The second dielectric layer Is typically a nitride having a 
thickness in the range of 60 to 200 A. This second layer 
is formed by CVD or other suitable method. The second 
dielectric / first dielectric / polysilicon stack Is now pat- 
terned and etched to form a patterned stack of nitride, 
oxide, and gate polysilicon and to expose a portion of the 
underlying patterned substrate. A conformal amorphous 
silicon layer Is formed overlying the patterned stack and 
the portion of tiie patterned substrate. This conformal 
amorphous silicon layer is then thermally oxidized to 
convert the amorphous silicon layer into a thermal oxide 
layer. This thermal oxide layer covers the top and side- 
walls of tiie stack as well as forming a second gate oxide. 
The tiiickness of the top oxide and sidewall oxides are 
controlled by the amorphous silicon thickness. 

FIGs. 10-13 illustrate. In aoss-section, process 
steps for making an semiconductor device 50 having an 
inflatable sidewall spacer 56 in accordance with yet 
another embodiment of the invention. As illustrated in 
FIG. 10, a polysilicon gate 14* Is formed overlying the 
semiconductor substrate 12. A first dielectric layer 52 
separates the polysilicon gate 14' from the underlying 
substrate 12. This dielectric layer may be a nitride or an 
oxide or any other suitable dielectric material which has 
high oxidation resistance. A second dielectric layer 54 
sun-ounds the polysilicon gate 1 4'. This second dielectric 
layer is typically a nitride but could also be any other suit- 
al3le dielectric material. As an optional step. N- and P- 
implants (not shown) can now be done to form lightly 
doped drain (LDD) junctions in tiie substrate. Methods 
of forming the polysilicon gate, the first and second die- 
lectric layers, and inrplants are known in the art. 

In FIG. 11 . a layer of doped or undoped amorphous 
silicon 26" is deposited overlying the second dielectric 
layer and covering the sidewalls of the stack. The thick- 



ness of tills amorphous silicon layer should be one-half 
of tiie desired tiiickness of the sidewall spacer 58 of FIG. 
13. This amorphous silicon layer is then etched to form 
a remaining amorphous silicon portion 56 using reactive 

5 Ion etching (RIE) techniques as illustrated in FIG. 12. The 
advantage of tiiis etch is the high selectivity of etching 
silicon relative to the underlying oxide or nitride layers. 
The remaining amorphous silicon portion 56 is then tiier- 
mally oxidized to form an inflatable tiiermal silicon diox- 

w ide spacer 58 as shown in FIG. 1 3. The reoxidized silicon 
will increase in thid^ess by approximately a factor of 
two. Following the spacer formation, the N+ and P+ 
source-drain implants (not shown) can be done. These 
polyoxide spacers could be left in place around the gate. 

75 Alternatively, the spacers could be removed using HF 
acid, since the underlying nitride is largely resistant to 
tiie etch solution. Subsequentiy, tiie N- and P- implants 
can now be done to form the LDD junctions in the sub- 
strate, if this step has not already been performed prior 

20 to the amorphous silicon d^Dosition. Alternatively, some 
LDD implants can be done before inflating the spacer, 
while others can be done after inflating the spacer, thus 
allowing the formation of dual LDD profiles with a single 
spacer. 

25 The foregoing description and illustrations con- 
tained herein demonsti'ate many of the advantages 
associated witii the present invention. In particular, it has 
been revealed that the amorphous silicon layer Is largely 
resistant to HF acid solutions tiiat are used to clean tiie 

'30 substrate prior to tiie second gate oxide formation. The 
oxidized amorphous silicon produces an ONO dielectric 
stack with a tiiick top oxide concurrentiy witii the forma- 
tion of a second gate oxide. Furtiiermore. tfiis top ONO 
oxide thickness is determined by tiie amorphous silicon 

35 layer thickness and is Independent of the second gate 
oxide tiiickness. Use of ttie amorphous silicon layer 
reduces the susceptibility to punch-tiiough of the under- 
lying nitride layer. Additionally, the amorphous silicon 
layer can be etched to form a spacer that is subsequently 

40 oxidized to form an inf lataWe spacer. Another advantage 
is that reoxidizing amorphous silicon forms a high density 
top oxide layer thus eliminating the need for a subse- 
quent annealing or denslfication step. 

Thus it is apparent that ttiere has been provided, in 

45 accordance with tiie invention, a method for forming con- 
current top oxides and for forming Inflatable sidewall 
spacers using reoxkJized amorphous silicon that fully 
meet the need and advantages set forth previously. 
Although tiie Invention has been described and illus- 

50 trated with reference to specific embodiments thereof, it 
is not intended that the invention be limited to these illus- 
trative embodiments. Those skilled in the art will recog- 
nize that modifications and variations can be made 
without departing from the spirit of the invention. For 

55 example, either nitride, oxynitride, or other oxidation 
resistant materials, such as AI2O3, may be used for tiie 
dielectric/oxidation stop layer. In addition, the invention 
is not limited to any particular range of amorphous silicon 
tiiickness as thinner or tiiicker layers may be suitable for 
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different applications. It is also innportant to note that the 
present invention is not limited in any way to any partic- 
ular method of depositing the amorphous silicon layer as 
LPCVD, plasma deposition or remote plasma deposition 
techniques may be used. Additionally, use of polycrys- 5 
talline silicon In place of amorphous silicon may be pos- 
sible. Furthermore, oxidation techniques other than 
thermal, such as plasma or chemical oxidation, may be 
used in practicing the invention. Therefore, it is Intended 
that this invention encompass all such variations and 70 
modifications falling within the scope of the appended 
claims. 

Claims 

15 

1 . A method for forming concurrent top oxides, com- 
prising the steps of: 

providing a semiconductor substrate (12); 

providing a polysilicon layer (14) overlying a 
first portion the semiconductor substrate; 20 

forming a first dielectric layer (16) overlying 
the polysilicon layer and a second portion of the 
semiconductor substrate; 

forming a second dielectric layer (18) overly- 
ing the first dielectric layer; 25 

forming an amorphous silicon layer (20) over- 
lying the second dielectric layer to form a stack of 
amorphous silicon, second and first dielectriclayers; 

patterning the stack of amorphous silicon, 
second and first dielectric layers to form a patterned 30 
stack and to expose a third portion of the semicon- 
ductor substrate; 

thermally oxidizing the amorphous silicon 
layer of the patterned stack to convert the amor- 
phous silicon layer into a thermal oxide layer (30) 35 
having a first thickness, wherein the second dielec- 
tric layer acts as an oxidation stop for the patterned 
stack; and 

contemporaneously thermally oxidizing a top 
surface of the third portion of the semiconductor 40 
substrate to form a gate oxide (32) having a second 
thickness, wherein the second thickness is inde- 
pendent of the first thickness. 

2. A method for forming concurrent top oxides, com- 45 
prising the steps of: 

providing a patterned substrate (12); 

providing a floating gate polysilicon layer (1 4) 
overlying a first portion the patterned substrate; 

forming a first oxide layer (16) overlying the so 
floating gate polysilicon layer and a second portion 
of the patterned substrate; 

forming a nitride layer (18) overlying the first 
oxide layer; 

forming an amorphous silicon layer (20) over- 55 
lying the nitride layer to form a stack of amorphous 
silicon, nitride and first oxide; 

patterning the stack of amorphous silicon, 
nitride and first oxide to form a patterned stack and 



to expose a third portion of the patterned substrate; 

thermally oxidizing the amorphous silicon 
layer of the patterned stack to convert the amor- 
phous silicon layer into a second oxide layer (30) 
having a first thickness, wherein the nitride layer acts 
as an oxidation stop for the patterned stack; and 

contemporaneously thermally oxidizing a top 
surface of the third portion of the patterned substrate 
to form a gate oxide (32) having a second thickness, 
wherein the secorxl thickness is independent of the 
first thickness. 

3. The method of claim 1 or 2 , wherein the step of ther- 
mally oxidizing the amorphous silicon layer is per- 
formed at a temperature lower than an oxidation 
temperature of the second dielectric layer. 

4. A method for forming an interpolysilrcon dielectric for 
a semiconductor device, comprising the steps of: 

providing a patterned silicon substrate; 

providing a floating gate polysilicon (14) over- 
lying a first portion the patterned silicon substrate; 

forming a nitride layer (22) overlying the float- 
ing gate polysilicon to form a stack comprising the 
nitride layer and the floating gate polysilicon; 

patterning the stack to form a patterned stack 
having a sidewail; 

forming a conformal amorphous silicon layer 
(26') overlying the patterned stack and a second por- 
tion of the patterned silicon substrate; and 

thermally oxidizing the conformal amorphous 
silicon layer to convert the conformal amorphous sil- 
icon layer into a thermal oxide layer (30*) overlying 
the patterned stack and covering the sidewail of the 
patterned stack. 

5. The method of claim 4. further comprising.the step 
of renroving a portion of the thermal oxide layer over- 
lying the patterned stack to leave a remaining por- 
tion along the sidewail of the patterned stack, the 
remaining portion forming a spacer. 

6. The method of claim 4. further comprising the steps 
of: 

forming a second oxide layer (24) overlying 
the floating gate polysilicon to form a stack compris- 
ing the second oxide layer and thef loating gate poly- 
silicon; and 

exposing a second portion of the patterned 
silicon substrate during the step of patterning the 
stack, such that during the thermal oxidizing step, a 
second gate oxide (32) is formed contemporane- 
ously with converting the conformal amorphous sil- 
icon layer into the thermal oxide layer. 

7. The method of claim 1 . 2 or 6, wherein the step of 
forming the amorphous silicon layer is performed 
through a chemical vapor deposition at a tempera- 
ture substantially in a range of 400 to 560 °C. 
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8. A method tor forming an inflatable spacer for a sem- 
iconductor device, comprising the steps of: 

providing a patterned silicon substrate; 

providing a floating gate polysilicon (14*), 
having a adewati, overlying a first portion the pat- 5 
terned silicon substrate; 

forming a nitride layer (54) overlying the float- 
ing gate polysilicon and covering the sidewall of the 
floating gate polysilicon; 

forming a conformal amorphous silicon layer 10 
(26"), having a first thickness, overlying the nitride 
layer; 

removing a top portion of the conformal 
amorphous silicon layer to leave a remaining portion 
(56) along the sidewall. the remaining portion form- 15 
ing a spacer; and 

thermally oxidizing the remaining portion of 
the conformal amorphous silicon Jayer to convert it 
into a thermal oxide layer forming the inflatable 
spacer (58) covering the sidewall . wherein the inf lat- 20 
able spacer has a second thickness substantially 
twice that of the first thickness. 
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(54) Method for forming concurrent top oxides using reoxidized silicon 



(57) A stack of oxide (16) and silicon nitride (18) is 
grown/dep)Osited over a patterned polysilicon line, which 
typically acts as a bottom capacitor plate. A thin layer of 
amorphous or polycrystalline silicon (20) is deposited 
over the blanket silicon nitride film. The thickness of the 
deposited silicon layer must be optimized according to 
the final amount of oxide desired over the silicon nitride, 
which will be roughly twice the thickness of the depos- 
ited silicon film. The oxide/nitride/silicon stack is then 
patterned and etched, stopping either at or underneath 



the bottom oxide. Any subsequent cleaning in poten- 
tially oxide-etching chemistries (including HF) is done 
with the protective silicon deposit on top of the silicon 
nitride. The entire structure is then thermally oxidized, 
transforming the deposited silicon into silicon oxide (30). 
Where the structure has been cleared down to the sub- 
strate by etching, a second gate oxide is simultaneously 
formed. 
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